We analyzed global transcriptional changes in the lymph nodes of mice with experimental autoimmune encephalomyelitis in a longitudinal fashion. Most of the transcriptional activity was observed between 3 and 5 days postimmunization. After that period, gene expression changes decayed sharply back to baseline levels. A comparison of transcriptional profiles between immunized and control mice at the time of peak disease activity revealed 266 transcripts, mostly involved in cell-cell interaction and protein synthesis. When the same comparison was performed at the time of recovery from an attack, increased expression of genes coding for milk components were identified. Specifically, casein ␣ (Csn1s1), ␤ (Csn2), ␥ (Csn1s2a), and (Csn3), in addition to lactoalbumin ␣ and extracellular proteinase were elevated >3-fold in immunized animals compared with CFA-injected controls. We confirmed these findings by quantitative RT-PCR and immunostaining of Csn3. Interestingly, the expression of Csn3 was also found elevated in the blood of multiple sclerosis (MS) patients after a relapse. Altogether, our data suggest that increased production of milk-related transcripts in the lymph nodes and blood succeeds an inflammatory event in experimental autoimmune encephalomyelitis and MS. The potential role of lactogenic hormones in MS is discussed.
M ultiple sclerosis (MS)
3 is a neurological disease driven by a dysregulation of the immune system leading to an autoimmune response against one or several Ags of the CNS white matter. It is generally acknowledged that a complex interplay between environmental and genetic factors are involved, but the etiology of MS remains unknown. Experimental autoimmune encephalomyelitis (EAE) is an induced, T cell-mediated autoimmune inflammatory disease of the CNS that mimics many of the clinicopathological findings of MS (1) . EAE can be induced either by transfer of activated encephalitogenic T cells or by active immunization with myelin Ags and, depending on the strain and antigenic stimulus, different disease courses can be provoked. For example, while relapsing EAE develops in the SJL mouse strain immunized with spinal cord homogenate or purified myelin Ags, a chronic progressive disease is characteristic of C57BL/6 mice. In addition to a distinct disease course, each model differs in pathological aspects such as the extent of CNS inflammation and demyelination. When the disease is induced with myelin oligodendrocyte glycoprotein (MOG) in the nonobese diabetic (NOD) mouse, a very reproducible course of relapsing remitting disease can be obtained with abundant leukocyte infiltrates and marked demyelination (2) .
Although a significant body of knowledge has accumulated on various aspects of EAE, a detailed description of the underlying molecular mechanism is still lacking. Furthermore, the extent and contribution of the different cell types involved and the anatomical organization of the overall neuroinflammatory processes are not well understood. A currently accepted model states that the injected Ag is taken up by APCs (dendritic cells and macrophages) in the peripheral tissues and within a few hours is transported via afferent lymphatic vessels to the lymph nodes (LN) (3) . Once there, the Ag is processed and presented to naive T cells in the context of molecules of the MHC. During the next few days, activated T cells are released into the circulation from where they gain access to virtually every organ in the body. Because activated T cells have an increased ability to cross the blood-brain barrier, they will be subject to reactivation by resident CNS APC. This unleashes a cascade of events resulting in myelin damage and axonal pathology, which in turn causes the neurological disability. In the NOD mouse, neurological dysfunction is evident as early as 13 days postimmunization (dpi).
One way of examining the evolution of the disease is to analyze samples obtained at closely spaced time points, since this design allows for correlations of measured variables with the observed clinical phenotype. We recently reported the longitudinal gene expression profiling of spinal cords obtained at 12 different time points after immunization of NOD mice with MOG peptide (4) . In that study, we identified expression signatures that correlated with disease stage and histological profiles. In addition, we found that discrete phases of neuroinflammation were accompanied by distinctive expression signatures with altered immune vs neural gene expression ratios. According to the model of pathogenesis described previously, the immune response unfolds as a wave of events where the activity of molecular and cellular events shifts from the LN, to the blood, to the CNS. To evaluate the molecular activity that precedes the pathogenic cellular infiltration into the brain and spinal cord, we now investigated the transcriptional profiles of LN dissected from MOG-immunized mice.
Several recent reports have attempted to characterize the transcriptional profiles in the CNS or LN of EAE mice, helping to define the molecular fingerprint of the demyelinating process (3, (5) (6) (7) (8) . However, most of these studies focused on cross-sectional analyses associated with a concrete EAE status. In this article, we report an extensive longitudinal analysis of transcription in the LN of NOD mice after induction of EAE by MOG .
Materials and Methods

Mice
Eight-to 13-wk-old NOD mice were kept at the La Trobe University central animal house (Melbourne, Australia). All of the experiments were conducted in accordance with the Australian code of practice for the care and use of animals for scientific purposes (National Health and Medical Research Council, 1997), after approval by the La Trobe University Animal Ethics Committee.
Immunization and clinical scoring
EAE was induced in 84 female NOD mice by s.c. injection into their lower flanks with 200 l of MOG peptide (MEVGWYRSPFSRVVH-LYRNGK; Auspep) emulsified in CFA containing 4 mg/ml Mycobacterium tuberculosis (Difco). Immediately thereafter and 48 h later, an i.v. injection of 350 ng of Bordetella pertussis toxin was administered to the animals. The control group consisted of another 26 female mice treated with the same protocol except MOG peptide. We also used seven noninjected mice as baseline (BL) group (time 0). Animals were monitored and scored daily. According to the evolution of these scores, the mice were ascribed to one of the following groups: presymptomatic or before EAE (BE), early EAE (EE), peak EAE (PE), early recovery (ER), and late recovery (LR). The time-matched groups in control animals were: baseline (t0), times 1-6 (t1-6), times 7-9 (t7-9), time 10 (t10), time 11 (t11), and time 12 (t12).
Sample collection
Mice.
At each of the 12 time points (except baseline) 9 animals were sacrificed under the same conditions. At each time point, three animals from the immunized group were immediately perfused with 4% paraformaldehyde in 0.1 M phosphate buffer and their inguinal and axillary LN were removed and processed for histological staining (Table I) . LN from the other six animals (four immunized and two controls) were also collected and immersed in RNAlater (Ambion) and frozen at -20°C. The time correlate with dpi is shown in Table I .
Human.
All patients were diagnosed with MS according to the McDonald criteria (42) . The Expanded Disability Status Scale (EDSS) score was calculated by a single neurologists using the Kurtzke scale according to clinical history data and patient examination (43) . These scores were reconverted using the Multiple Sclerosis Severity Score evolution time value (44) . All patients were recruited by Neurology Departments of hospitals from the region of Gipuzkoa (Spain) according to local institutional review board regulations.
Histology
Freshly isolated axillary and inguinal LN were fixed in 4% paraformaldehyde overnight and embedded in paraffin. Eight-micrometer sections were cut, mounted on glass slides, and stained with H&E. Selected sections were stained with an Ab against Csn2 by the avidin-biotin peroxidase complex method according to standard protocols. Briefly, after deparaffinization, sections were treated with 3% H 2 O 2 for 10 min and then processed for Ag retrieval. Sections were incubated with 10% normal serum for 30 min; they were later incubated with the primary Ab (Csn2; Sigma-Aldrich). After washing with TBS, the sections were incubated at room temperature for 30 min with peroxidase-conjugated secondary Abs (DakoCytomation), followed by incubation with the avidin-biotin complex (DakoCytomation) for 30 min. Peroxidase labeling was visualized with 10% 3,3-diaminobenzidine. Sections were counterstained with hematoxylin.
Expression analysis
Mice.
LN from selected animals were removed from RNAlater and homogenized in TRIzol (Invitrogen Life Technologies) using an electric homogenizer. cDNA was synthesized according to previously published protocols (4). in CFA (indicated in columns c plus e minus the 7 mice used at BL). Seven animals were sacrificed at BL and at each of 12 subsequent time points, and their LN were removed. The same four animals served as BL for the immunized and control groups ( f). LN from four of these animals were processed for RNA extraction and posterior microarray analysis, whereas those from the remaining three animals (g) were formalin fixed and embedded in paraffin for histological examination. In parallel, 24 mice were injected with CFA only and sacrificed following the same schedule as their immunized littermates (indicated in column a minus the four mice used at BL). Two animals were sacrificed at each time point and their LN were processed for RNA and microarray analysis. The number of microarrays that passed our quality control are indicated at each time point (indicated in columns b and d). t1-t12 are time points used to identify control animals.
The LN probes were labeled with Cy-3 fluorescent dye (Amersham Biosciences) while a pool of brain and spleen RNA from naive animals was labeled with Cy-5. These probes were hybridized onto glass slides containing 18,144 spotted 60-to 70-mer oligonucleotides (from the Operon mouse set; Operon), followed by washing and scanning (University of California, San Francisco microarray core facility). Ten genes showing differential expression at EAE stages were selected for validation by quantitative RT-PCR (qRT-PCR) using SYBR Green (Applied Biosystems) dye. Reactions were conducted in an Applied Biosystems HT-7900 according to the manufacturer's instructions.
Human.
Blood samples from 105 patients and 21 controls were extracted by the same phlebotomist and approximately at the same time of the day. RNA was purified from PBMC using a Versagene kit (Gentra). The RNA concentration was measured by spectrophotometry (Nanodrop Technologies) and equal quantities of RNA were converted to total cDNA using the RT kit (Applied Biosystems). Csn3 and GAPDH were amplified using specific validated primers (codes QT00010577 and QT00079247, Geneglobe; Qiagen). To determine expression values we used the ⌬⌬CT method (User Bulletin 2; Applied Biosystems). Samples from selected patients were collected at different times to check the stability of the Csn3 expression pattern.
Statistical analysis
A quality control check was performed for each microarray assay based on the diagnostic plots generated by the marrayTools package from the Bioconductor Suite (www.bioconductor.org). We verified that A) the normalized ratio of intensities (M) and the normalized product of intensities (A) for the controls spots (positive and negative) followed the expected distribution; B) the spatial distribution of normalized M and A values for all of the probes in the array was homogeneous; and C) the mean signal:noise ratio for all probes for each fluorescence exceeded a previously set threshold of 1.4.
Arrays were considered of high quality if no more than one of these tests failed. Arrays raw data were imported into BRB-array Tools (Biometric Research Branch, National Institutes of Health, version 3.3 Beta) and filtered by flagged spots. All class comparison (CC) and gene ontology analyses were performed in BRB-array Tools. The significance level for the CC analysis was set at 0.001 for the univariate tests. Permutation based false discovery rate correction was performed for all CC tests. Clustering analyses were performed using GeneLinker Platinum (Improved Outcomes). Gene oncology relation tree and bar analysis were made using a Gene Ontology Tree Machine (45) .
Analysis of neural vs immune genes
To establish the origin and function of each of the genes contained in the array, its Unigene record was examined and the source tissues from where the cDNA libraries derived were recorded. A gene was classified as either neural or immune if at least 20% of the source cDNA libraries contained one or more of a list of key words previously defined (see Ref. 4 
for details).
Sequencing
A total of 547 bp upstream of the transcriptional start site of the Csn3 gene was sequenced in addition to the complete transcribed sequences from exons 1 and 2 in those patients that presented elevated Csn3 expression and in three controls. The primers used were 1 forward: 5Ј-CTT GAA ATC CAG GTT CTT AAA C-3Ј, 1 reverse: 5Ј-AAA TTT GAA CAT AAC ACC ATC CAG-3Ј; 2 forward: 5Ј-TTC ACA TCG GCT AAA TCT AC-3Ј and 2 reverse: 5Ј-TTG CAT AGT TAA AGC CCT TA-3Ј.
The changes found in these sequences were compared with DNA samples from all MS patients and controls. The deletion upstream of exon 1 was tested by PCR and agarose electrophoresis at 4% and the single nucleotide polymorphism was tested by PCR-RFLP using the restriction enzyme Cac8I (New England Biolabs).
Results
The transcriptional and pathological changes detected in the LN of NOD mice during the first 18 days after the injection of either CFA plus MOG-(immunized group) or CFA only (control group) are presented. To detect changes that correlated with neurological disability, we first divided all of the animals in groups showing a similar disease course at the time of sample collection (Table I) . This resulted in the following groups: baseline (BL, t0), early EAE (EE, t7-9), peak EAE (PE, t10), early recovery (ER, T11), and late recovery (LR, t12). A detailed description of EAE scores of each animal used for RNA expression analysis is provided in Table II . To match controls with immunized animals in all subsequent comparisons, we also arranged them into similar groups, based on time after immunization.
Of the 84 immunized mice, 48 were used for tissue harvesting followed by RNA collection at different time points and 36 for tissue harvesting and fixation for immunostaining. With the addition of 24 control animals, and the 4 naive mice, the total number of arrays performed was 76. Of these, 68 arrays passed our quality control protocol (see Materials and Methods and Table I ). After filtering out low signal:noise spots, we selected 11,913 genes for further analysis. We first compared the expression profiles from LN and spinal cords across all time points from the same animals from our earlier study (4) and selected the 3,000 genes with highest expression difference across tissues for comparative visualization (Fig. 1A) . The two profiles are clearly distinguishable with clusters of high expression in both spinal cords (identified by open bars to the right of the expression heat map in Fig. 1A ) and LN (Fig. 1A , filled bars). We then classified each of the genes encompassed by the bars as either immune, neural, both, or none (see Materials and Methods for details). We found that only 2.7% of the selected 3,000 genes with detectable expression in spinal cords were of immune origin, while Ͼ58% of these genes with high expression in LN belonged to this category. Although the percentage of immune-related genes expressed in spinal cords was small in comparison to the total number of transcripts, these were almost exclusively present in immunized animals and their expression was not detected until 7 days after immunization. In contrast, although almost 40% of the genes expressed in spinal cords were exclusively of neural origin, only 2.5% of highly expressed genes in the LN belonged to this category (Fig. 1B) . The most likely explanation for identifying genes of neural origin in the LN is that these transcripts were originally cloned and annotated from brain-derived cDNA libraries and hence detected by our algorithm, thus suggesting pleiotropy Although these findings are not unexpected, the relative contribution of transcripts from each tissue is in agreement with their anatomical origin, thus validating our experimental approach, data handling, and microarray analysis.
When we compared how changes in the number of differentially expressed genes (DEG) in LN and spinal cords of immunized animals evolved over time, we observed almost opposing profiles ( Fig. 2A) . Although the number of DEG in LN decreased sharply, the number of differentially expressed transcripts identified in spinal cords increased almost exponentially within the same time frame. For the remainder of the analysis, we focused on the expression profiles of the LN. A longitudinal analysis of global expression differences between immunized and controls revealed 63 DEG. Of interest, many of these genes had been also identified in our previous analysis of the spinal cords such neutrophilic granule protein, myeloperoxidase, and haptoglobin. These genes are commonly expressed by activated neutrophils and are typically associated with acute inflammatory processes (9, 10). We next looked for genes whose expression at each disease stage differed significantly from that observed LN) . B, The origin of genes in each cluster was analyzed with a custom algorithm (see Materials and Methods) that classified transcripts as immune, neural, both, or neither. The proportion of immune and neural genes from the selected clusters, clearly differentiate both tissues. at baseline. We identified 192 such DEG at the BE stage (Fig. 2B) . Although immunized and control animals shared almost a third of the genes differentially expressed at the BE stage (Fig. 2B, u) , each group also showed a unique set of DEG (controls, Ⅺ; immunized, f, Fig. 2B ). Notably, although the total number of DEG decreased with time, the proportion of those in response to the adjuvant became larger. This observation may reflect the fact that a large proportion of the cells (and their corresponding molecular activity) evidenced in the LN at early stages in immunized mice eventually translocate to the CNS, thus disappearing from these organs. Conversely, that transcriptional activity may persist for a longer time in mice receiving only adjuvant reflecting a transient nonspecific activation of the immune system in those animals.
To identify disease-specific transcriptional signatures in the LN of EAE mice, we conducted cross-sectional comparisons between the immunized and control groups at each disease stage (Fig. 3, A  and B) . Interestingly, 279 genes were identified as differentially expressed between PE and t10 (controls) stages, but much fewer DEG were identified for any of the other stages (5 for BE, 1 for EE, 1 for ER, and 6 for LR). One possible explanation for this findings is that a common transcriptional response may be triggered by the adjuvant, thus masking any real differences induced by the MOG peptide in LN. In addition, this may be consistent with the fact that, although actively induced EAE is primarily a disease of the CNS, their inflammatory consequences might be reflected in multiple organs, including the LN. A similar study performed in mice where EAE is induced by adoptive transfer will be needed to firmly establish this hypothesis. Interestingly, a gene ontology analysis of these 279 genes shows transcripts involved in the biosynthesis of macromolecules, cell-cell interaction, and protein synthesis and folding, consistent with the innate immune response triggered by the adjuvant in the LN of control mice.
Although only six DEG were detected between immunized and controls at the LR phase, their characteristics strongly argues against false discoveries. For example, four of these genes belong to the casein family (casein ␣ or Csn1s1, casein ␤ or Csn2, casein or Csn3, casein ␥ or Csn1s2a), while the two remaining genes are lactoalbumin ␣ (Lalba) (another component of milk) and extracellular proteinase inhibitor (Expi), an inducer of mammary involution. Fig. 3D shows that the differences in expression between immunized and control mice during recovery are largely significant. Furthermore, real-time PCR confirmed the elevated expression of caseins in LN, whereas no differences were detected in the spleens from the same mice, where the expression was minimal (data not shown). The expression of casein genes was undetectable in spinal cords.
To test whether these findings were also evident at the protein level, we examined the expression of one of the members of the casein family (Csn2) by immunohistochemistry in the LN of mice taken at different times after immunization. A strong staining was observed only at t12, corresponding to the LR phase of the disease (Fig. 4) .
The elevated expression of genes coding for caseins prompted us to investigate their expression in humans suffering from MS. If a transcriptional increase of caseins was indeed correlated to an attack, patients with relapsing remitting multiple sclerosis (RRMS) would also be expected to show an elevated expression shortly after a relapse. Although we initially analyzed murine LN, when testing humans we decided to collect and analyze whole blood for practical reasons. We thus analyzed the expression of CSN1S1 and CSN3 in the blood of 112 MS patients (3 secondary progressive MS, secondary progressive multiple sclerosis (SPMS), 109 RRMS) and 21 healthy controls by qRT-PCR (see Table III for clinical details). Although the expression of CSN1S1 was not detectable in any of the control samples, an elevated expression was identified in 10 of 112 MS samples ( p Ͻ 0.003, t test; Fig. 5 ). Interestingly, six of these samples were obtained from RRMS patients shortly after a clinical relapse. Of the remaining four samples with elevated CSN1S1, two were from SPMS patients, and two from RRMS with no apparent clinical exacerbations.
To exclude the possibility that the observed elevated CSN3 expression in some patients was constitutive, we tested its expression at a later time, once the relapse had subsided. In all patients tested, the CSN3 expression levels at the time of the relapse differ markedly from those measured during remission (Fig. 5B) . In contrast, samples taken from 17 patients at two different times during remission did not differ significantly (Fig.  5C ). These results suggest that the observed differences in CSN1S1 expression are not constitutive. However, to rule out the existence of DNA polymorphisms near the promoter region that could affect the expression, we sequenced 547 bases upstream of the transcriptional start site. We identified a 195-bp deletion at position Ϫ309 and a single nucleotide substitution at position ϩ37 relative to the transcriptional start site, neither of which had been previously reported, that appear to be polymorphic in the population studied. Although our sample size clearly did not provide sufficient statistical power, the allelic frequencies of either polymorphism did not differ significantly between MS and controls (Table IV) . Altogether, our data suggest that the elevated CSN1S1 expression is due to regulatory rather than constitutive expression. 
Discussion
We have recently reported the transcriptional analysis of early stages of MOG-induced EAE in spinal cords from NOD mice (4). We have now analyzed the RNA profiles of LN collected from the same group of animals. Contrary to what was observed in spinal cords, a relatively limited number of genes in the LN changed their expression pattern over the course of the disease when compared against baseline animals ( Fig. 2A) . We interpret that the larger number of DEG in the spinal cord was largely an effect of the immune cell infiltration that accompanies EAE progression. In this scenario, transcripts carried inside immune cells across the bloodbrain barrier would appear as differentially expressed in the CNS simply because they were not expressed at earlier time points. In contrast, no foreign cells are expected to traverse into the LN during an immune response. Thus, although variability in the composition of the cells inside the LN may occur, detectable differences in gene expression are most likely representative of regulatory processes at play during this period. During the first days of the immune response, a common pattern of expression was observed in the LN of both immunized and adjuvant-injected (control) mice. Neutrophilic granule protein, Ltf, and myeloperoxidase were among the most prominent transcripts in that pattern showing elevated expression as early as 3 dpi, suggesting the presence of activated neutrophils in both groups of animals. Neutrophils are one of the earliest cells of the innate immune system in arriving at sites of inflammation, playing an important role in migration across the endothelium (11) . Interestingly, we found a similar profile in spinal cords (4) . We interpret these findings as a shared reaction to the adjuvant, mostly driven by the innate immune response.
When we compared the number of genes differentially expressed at each disease stage with respect to baseline in both immunized and control mice, we observed different profiles. Although the number of DEG waned for both groups shortly after injection, MOG-immunized animals showed a more abrupt decay when compared with controls (Fig. 2B) . A third group of genes, those differentially expressed in both immunized and controls, also declined over time, suggesting that most of the transcriptional activity in the LN occurs early after immunization and then quickly returns to baseline levels. Some of these genes include the S100 calcium-binding proteins A8 and A9 (S100 A8 and S100 S9), matrix metalloproteinase 8, and several members of the small inducible cytokine family. Many of these genes have been categorized as immune related in an earlier study based on their expression profiles in various tissues and on the presence of common upstream regulatory elements (12) .
Although analyzing the expression profiles of immunized vs control mice at each disease stage, we observed that most of the genes with statistically significant expression differences were detected only at the peak of the disease (PE) (Fig. 3B) . Interestingly, several genes with reduced expression in the LN of immunized animals appear highly expressed in their spinal cords (4) . Because most of the genes up-regulated in spinal cords were of immune origin, it is likely that these reciprocal profiles reflect migration of lymphocytes and macrophages from the periphery to the CNS. A detailed analysis of these transcripts reveled genes of immune nature (several CD Ags, lymphocyte markers, interleukins, etc.), thus supporting our hypothesis.
The six genes differentially expressed between immunized and control mice at the LR stage represent an interesting group, because all of them are related to milk production or mammary gland development. This is relevant to MS pathogenesis in light of the numerous hypotheses relating milk consumption and susceptibility to this disease (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . Casein ␣ (Csn1s1), casein ␤ (Csn2), casein (Csn3), casein ␥ (Csn1s2a), Lalba, and extracellular proteinase inhibitor (Expi) were strongly up-regulated, particularly at the recovery stage in immunized mice (Fig. 3D) . Caseins represent ϳ80% of total protein in bovine milk, ϳ30 -35% of which is ␤-casein (23) . One variant, A1 ␤-casein, has been implicated as a potential etiological factor in type 1 diabetes mellitus (24) , ischemic heart disease (25) , and even autism (26) . Casein genes localize to a cluster in chromosome 5 in mice and in chromosome 4 (q21.1) in humans. Interestingly, osteopontin (OPN or SPP1), an inflammatory cytokine previously implicated in the pathogenesis and susceptibility to EAE and MS, also localizes to this cluster (27) (28) (29) . The four caseins are evolutionary conserved and like OPN belong to the group of proteins known as "disordered," a term referring to their undefined folding pattern which usually correlates with multifunctionality (30, 31) . Moreover, Csn2 and Csn3 share a common regulatory element that binds STAT5 and are activated by prolactin through JAK2 signaling, NF-B, and TNF-␣. This pathway has been found to be critical in the activation of CNS microglia by IL-3 (32) .
It has been shown that caseins or its derivatives have a strong immunosuppressive effect both in vivo and in vitro (33) (34) (35) . Although these experiments suggest that caseins may suppress activation of immune cells, the exact mechanism of action of this process is currently unknown. In contrast, caseins were also found to be potent immunoenhancers in vitro (36) and that T cell responses in casein-stimulated PBMC from MS and diabetes patients were higher than in healthy controls (15) . These apparently conflicting roles of caseins, as inhibitors and activators or the immune FIGURE 6. Network of genes and processes regulating the synthesis of caseins. During lactation, Prl binds to its receptor in mammary cells and stimulates the expression of Lalba and casein genes through the phosphorylation of STAT 3 and STAT5. After lactation, a number of genes are activated that result in mammary involution. These genes include Expi, OPN, lactoferrin, and several components of the apoptotic cascade of proteases. Genes are indicated in green, drugs in orange, processes in pink, and tissues in yellow. Black arrows indicate known interactions. Gray lines depict co-occurrence of terms in curated PubMed abstracts. The network was created using Ali Baba, an automated scientific text parser tool (46) . response, are intriguing and warrant further investigation. However, it is possible that, like many other molecules involved in immune responses and development, they exhibit both effects depending on the context and/or their concentration.
To better understand a pathological process that results from the interaction of multiple genes and proteins through many levels of organization, it might be useful to attempt a description through their integration into a wider network of related molecules and processes (Fig. 6) . After completion of lactation, mammary glands undergo involution during the weaning period, regressing to a state resembling that of a virgin animal. This phase is characterized by dramatic epithelial cell death and tissue remodeling, a process inhibited by epidermal growth factor (37) . During this stage of involution, high expression levels of Ltf and Expi have been reported in mammary-derived HC11 cells (38) . It has been also shown that elevated levels of Expi trigger apoptosis through a BAFF-mediated mechanism (39) . This could also be the mechanism by which Expi induces mammary involution and, in addition, to inhibiting the action of proteases also inhibits tumor metastasis (39) . The proinflammatory molecule OPN and its receptor (CD44) are also highly expressed during mammary involution and are inhibited during lactation. Thus, the expression of Expi during EAE recovery may represent the net result of the interaction of a network of molecules that also includes Prl, caseins, Ltf, and epidermal growth factor, acting in autocrine and paracrine fashion in response to the inflammatory process. Remission of MS during pregnancy led to the hypothesis that remyelination might be enhanced in the maternal brain. In an experiment that supports this hypothesis, an increase in the number of oligodendrocytes and of myelinated axons has been described in pregnant mice (40) . Furthermore, the authors found that the hormone Prl regulates oligodendrocyte precursor proliferation, thus mimicking the regenerative effects of pregnancy. This suggests that the maternal CNS has the ability to repair demyelination, at least in part, through the local action of Prl, a main regulator of caseins.
In another set of experiments, it has been recently shown that butyrophilin (BTN), another milk protein, is capable of inducing EAE by virtue of its structural similarity ("molecular mimicry") with MOG (13, 41) . Interestingly, BTN elicits both T and B cell responses, but pretreatment of experimental animals with BTN can also ameliorate or even suppress EAE in a mechanism mediated by anergic and regulatory T cells (16) . Although the influence of milk-derived proteins like caseins and BTN on EAE is intriguing, additional experiments are needed to firmly establish their role in the disease.
The analysis of CSN3 expression in the blood of MS patients showed elevated levels during resolution of a relapse. Because elevated expression of caseins was also consistently observed shortly after the peak of EAE, where residual disease was still evident (Table II) , we hypothesize that they could play a protective role in the disease. These elevated levels of CSN3 could not be explained by DNA polymorphisms within the gene. In two patients, the expression of CSN3 was slightly elevated without a relapse being reported. Interestingly, one of these individuals had SPMS with an aggressive evolution (Expanded Disability Status Scale of 8); therefore, we reasoned that a relapse could have been masked by the patient's clinical condition. Although the other individual with elevated CSN3 had RRMS, he/she did not report any exacerbation, it is possible that this is due to subclinical disease activity. In contrast, in two individuals reporting a relapse, CSN3 levels were normal. Interestingly, both of these patients experienced a sensorial relapse, suggesting that these type of relapses may involve a different mechanism. Although due to the limited size of our dataset we cannot draw any definite conclusions on the role of caseins in MS, the present results warrant further investigation.
In summary, the longitudinal transcriptional analysis of LN during EAE allowed us to characterize the molecular response underlying the pathology. We uncovered the molecular signature of the innate immune response during the first days of the disease and identified several genes involved in milk production as potentially important players in the development and regulation of autoimmunity. Our data could open important venues to firmly establish the role of these genes in EAE and MS.
